A morphometric analysis based on 316 herbarium specimens of Senecio nemorensis agg. indicated the occurrence of the following four species in Poland: S. germanicus Wallr., S. hercynicus Herborg, S. ovatus (G. Gaertn. et al.) Willd. and S. ucranicus Hodálová. Principal component analysis (PCA), analysis of variance (ANOVA)/Kruskal-Wallis test and canonical discriminant analysis (CDA) were applied. Quantitative characters such as supplementary bract length, leaf base width, ligule length and the supplementary/involucral bract length ratio clearly discriminated taxa within S. nemorensis agg. Included is a distribution map of the investigated species based on the examined material, with particular emphasis on the course of the northeastern boundary of S. hercynicus and the northwestern boundary of S. ucranicus. Also given is a determination key for species within S. nemorensis agg. in Poland, together with morphological descriptions of particular species.
Introduction
Senecio nemorensis agg. comprises nine taxa widely distributed throughout Europe and east to Central and East Asia (Schischkin 1961; Herborg 1987; Hodálová 1999a ). In the past few years a great deal of effort has been devoted to clarifying the complexity of this group, and several papers on morphological variability within Senecio nemorensis agg. have been published (Kucowa 1976; Hodálová & Marhold 1996 , 1998 Hodálová 1999b; Raudnitschka et al. 2007; Oberprieler et al. 2010 Oberprieler et al. , 2011 . The wide variation of morphology observed recently suggests that there are several taxa within Senecio nemorensis agg., and also intermediates presumably of hybrid origin. In some cases such hybridization is the rule rather than the exception (Oberprieler 1994; Hodálová 2002; Raudnitschka et al. 2007; Oberprieler et al. 2010) .
This study examined four species: S. germanicus Wallr., S. hercynicus Herborg, S. ovatus (G. Gaertn. et al.) Willd. and S. ucranicus Hodá-lová. Senecio ovatus, S. germanicus and S. hercynicus are distributed in much of Western, Central and Southern Europe (Chater & Walters 1976; Herborg 1987) . Senecio ucranicus is confined to Slovakia, Poland, Ukraine and Romania (Hodálová 1999a, b) . For a long time S. nemorensis and S. germanicus were treated as synonymous. For S. nemorensis L. s.str. this study adopts the concept of Konechnaja (1979) , Herborg (1987) and Hodálová (1999a) to maintain S. germanicus Wallr. and S. nemorensis L. as distinct species (see also Hodálová & Marhold 1998) . The name S. nemorensis should be applied only to the Siberian and Middle Asian populations of S. nemorensis agg., which regularly possess eight ligules (Hodálová & Marhold 1998) . In Poland, for a long time only two taxa within the group were distinguished: S. nemorensis subsp. fuchsii (C. C. Gmel.) Čelak. and S. nemorensis subsp. nemorensis (Kucowa 1971; Szafer et al. 1976; Zając & Zając 2001) . In the present study, and following Mirek et al. (2002) , S. nemorensis subsp. fuchsii is treated as a synonym of S. ovatus. However, the name S. nemorensis subsp. nemorensis sensu Fl. Pol. included three species (S. germanicus, S. hercynicus and S. ucranicus) that in fact differ considerably. This distorts the species concept. The species and their distribution ranges in Poland need to be clearly delineated.
Current research on the distribution of these species focuses mainly on Poland and adjacent countries. The Western and Eastern Carpathian provinces border each other within this area. The northeastern boundary of the range of S. hercynicus runs through Poland and Slovakia, and the northwestern boundary of S. ucranicus runs through Poland and Ukraine. Hodálová (1999a, b) reported that the distribution ranges of S. hercynicus and S. ucranicus are allopatric and that their geographical ranges do not overlap; Senecio hercynicus is restricted to the Western Carpathians, and S. ucranicus to the Eastern Carpathians and the eastern part of the Southern Carpathians. However, the precise course of the distribution range boundaries of S. hercynicus and S. ucranicus needs to be settled.
This study asked the following questions: Which species occur in Poland and what are their distribution ranges? How can the examined taxa best be discriminated? Which morphological characters are most diagnostic? In answering these questions a determination key for taxa within S. nemorensis agg. in Poland was developed, and is provided along with species descriptions.
Material and methods morphological analysis
The study used material from two Polish herbaria (KRAM, KRA); 316 specimens (complete, undamaged and properly labelled) were selected for detailed morphometric analysis. The study included only specimens representing ʻpureʼ morphospecies, excluding hybrid specimens with intermediate morphology. Based on previous reports and descriptions of taxa, individuals with evidently intermediate morphology were rejected during examination of specimens. This approach entails a degree of subjectivity but enabled me to identify the most diagnostic characters for the species in Poland. Morphological observations were focused on detailed biometric features. To determine differences between morphological groups I investigated the variability range of selected discrete cardinal and continuous characters as well as the most essential qualitative features. Seventeen characters (9 related to floral structures and 8 to vegetative parts) were selected for examination (Table 1) . They included characters traditionally used to distinguish the taxa as can be found in determination keys and floras, and several others that appeared potentially useful for diagnosis. Since the study was aimed at assessing the value of morphological characters for diagnosis, the initial determination of specimens was made on the basis of descriptions of examined taxa and the most stable and diagnostically important feature -the type of indumentum on supplementary bracts, as described by several authors (Hodálová & Marhold 1998; Hodálová 1999a, b; Raudnitschka et al. 2007 ).
On each herbarium sheet, measurements were made on two individuals when available, then averaged and treated as a single sample. Measurements associated with the capitulum were recorded twice for each variable and averaged. The supplementary/involucral bract length ratio was calculated from individual measurements and then the means of ratios were used in further analyses. Leaves were measured at the point 3/4 of the distance along the stem from its base. Morphological characters were counted, measured or estimated with a ruler and stereoscopic zoom microscope. The status and size of each character were determined on mature and flowering plants.
statistical analyses
Each specimen was treated as an operational taxonomic unit (OTU) in accordance with the methods used in numerical taxonomy (Sokal & Sneath 1963) . Prior to statistical analyses the distribution of the quantitative variables was checked for normality with the Lilliefors test. The variables that did not meet the assumptions of normality were log-transformed. Then the Pearson correlation coefficients or non-parametric Spearman correlation coefficients were calculated in order to check if any strong correlations (> 0.90) exist among variables that could potentially affect the results of further multivariate analyses. The correlation coefficients for the logically correlated pair ʻleaf width -leaf length/width ratioʼ exceeded r = 0.90, so leaf length/width ratio was excluded from the multivariate analyses. Principal component analysis (PCA) was conducted for all quantitative characters, based on the correlation matrix (Sneath & Sokal 1973) to examine the overall pattern of variation of the first three components. In PCA the specimens were grouped without any a priori assumptions. Next, each specimen was marked on the scatterplot with a symbol corresponding to a particular species. The analysis yielded a reduced set of characters most strongly correlated with the principal components. Factors with eigenvalues > 1 were chosen according to Kaiser's (1960) criterion. The characters with highest factor loadings on the first three principal components (r > 0.60) were determined. These features contributed most to the variation and most fully explained it.
Next, descriptive statistics of the characters for the previously recognized groups were calculated. After using Levene's test to assess equality of variance, oneway ANOVA followed by the Tukey's HSD test for unequal sample frequencies was performed to assess the significance of differences between means of characters across all examined groups. Variables without a normal distribution were tested with the nonparametric KruskalWallis test. The differences between groups (taxa) were assessed with nonparametric multiple comparison tests.
Standard discriminant analysis methods were used to determine which characters most discriminate the investigated taxa. The matrix of quantitative features was subjected to forward stepwise analysis. The data were standardized before the analysis in order to avoid the effect of differences between measurement scales. Discriminatory power was expressed by Wilks' lambda statistic. Then canonical discriminant analysis (CDA) and a classifying method were applied (Marhold 2011 ). This procedure gave the percentages of correct classification of individual specimens to the distinguished species. Data analyses and statistical calculations used Statistica ver. 9.1.
Results
Principal component analysis (PCA) indicated eight characters with the highest factor loadings on the first three principal components (r > 0.60). Three components accounted for 60.51% of total variance ( Table 2 ). The first explained 33.76% of variation, the second 14.96%, and the third 11.79%. The scatterplot showed four slightly overlapping groups of points ( Fig. 1 ). PCA axis 1 was most highly influenced by supplementary bract length, leaf base width, supplementary/involucral bract length ratio, leaf width and number of tubular florets. On the right side of the scatterplot, specimens characterized by long supplementary bracts, a high supplementary/involucral bract length ratio, wide leaf bases and numerous tubular florets are grouped ( Fig. 1) . Ligule length and tubular floret length were most strongly and negatively correlated with the second principal component. It separated specimens representing S. hercynicus, having longer ligules and tubular florets than specimens representing S. germanicus, which were grouped in the upper side of the scatterplot.
The ranges of variability of the quantitative characters for the designated morphological groups corresponding to the species are presented in Table 3 and Figure 2 . One-way ANOVA revealed significant differences in all of the characters indicated by PCA (p < 0.001). The F and H statistics obtained from ANOVA and the Kruskal-Wallis test are presented in Table 3 . Number of ligules, tubular floret length and leaf length did not distinguish species. The most important quantitative features were leaf base width, supplementary bract length, supplementary/involucral bract length ratio, number of involucral bracts, ligule length and leaf length/width ratio. Different traits differed significantly between some species (Table 4 ). All examined traits distinguished at least one species pair. Senecio ovatus was differentiated from S. hercynicus and S. germanicus by the greatest number of features. The qualitative characters for each species are shown in Figure 3 . The following results should be emphasized. Claret-colored stems occurred most frequently in S. ovatus; the remaining species usually had green stems. Leaf edge indumentum occurred in the majority of S. hercynicus specimens, and usually hairiness of leaf blades also. Stem base indumentum was the least differentiated character; most specimens had glabrous stems, though 26% of S. germanicus specimens did show hairs on the stems.
Discriminant analysis confirmed the diagnostic value of the eight selected characters. The characters that most clearly discriminated the species within S. nemorensis agg. were leaf base width, ligule length, supplementary bract length and supplementary/involucral bract length ratio (Table 5 ). These features also had high factor loadings in PCA and are represented by high values of F/H statistics (see Tables 2 & 3) . The number and length of tubular florets, leaf length and leaf width also significantly distinguished the groups but to a lesser extent (Table 5 ). In canonical discriminant analysis, the chi-square test for all canonical roots for the data matrix confirmed their statistical significance. Standardized coefficients of the discriminant function for canonical variables are presented in Table 5 . A scatterplot of the canonical variables shows four distinct clusters formed by the examined taxa identified in previous analyses, though the cluster edges overlap somewhat (Fig. 4) (Hodálová 1999b; Oberprieler et al. 2010 Oberprieler et al. , 2011 . My study supports the usefulness of these characters (Tables 3 & 5) . Supplementary/involucral bract length ratio, mentioned only by Kucowa (1976) and Oberprieler et al. (2010 Oberprieler et al. ( , 2011 , also reliably distinguished the examined taxa. This parameter plainly indicates which type of bract is longer. Generally that ratio is below 1 in S. ovatus and S. ucranicus and above 1 in S. germanicus and S. hercynicus (see Table 3 , Figs 2, 5). Supplementary bract length effectively separated S. germanicus and S. hercynicus from S. ovatus and S. ucranicus, with only a little overlap (see Fig. 2 ). The supplementary bracts are longer in S. germanicus and S. hercynicus. Senecio germanicus also has wider supplementary bracts than the other taxa (Fig. 5) .
Leaf base width is another good feature for differentiating species. Senecio germanicus, S. hercynicus and S. ucranicus always have sessile or semiamplexicaule leaves at the base, whereas Table 1 for abbreviations of characters. S. ovatus usually has petiolate leaves which never clasp the stem. This feature is very useful if it can be unambiguously determined but it is often difficult to assess it precisely. Another leaf character that proved useful for identifying specimens is leaf length/width ratio; it was much higher in S. ovatus and S. ucranicus, which often have more lanceolate leaves, than in S. hercynicus and S. germanicus, which usually have ovate leaves. The type of indumentum of supplementary bracts is one of the most important features for diagnosis. My detailed examination of herbarium materials confirmed the significance of this character. In glandulous taxa the glandular hairs occurred on supplementary bracts and often also on involucral bracts, the capitulum base and upper parts of stems (Fig. 5) ; they were also frequently noted on leaf edges. Eglandulose taxa did not possess glandular hairs on any of those structures. The length of hairs unambiguously distinguished S. germanicus from S. ovatus. In S. germanicus they were 7-10 times longer than in S. ovatus and were built of more cells (see Fig. 5 ). Senecio hercynicus always possessed clearly visible multicellular glandular hairs; the terminal cells of those hairs were clearly globular (Fig. 5) and filled with brown content, though a few proximate cells sometimes also had brown content. Senecio ucranicus is the only taxon that did not show a definite type of indumentum. Different kinds of hairs could be observed on a single individual; in most specimens, glandular hairs (homologous to those in Fig. 3 . Frequencies of qualitative characters in the examined species. The numbers (1, 2, 3) and abbreviations of characters are explained in Table 1 S. hercynicus) predominated but sometimes were accompanied by short articulate hairs (Fig. 5) . Nevertheless, the distinction of S. ucranicus from the other glandulous taxa in Poland is supported by its geographical range, basically restricted to the Eastern Carpathians. Within species, the indumentum on involucral bracts and the lower part of the capitulum was similar to that on supplementary bracts (Fig. 5) . Senecio germanicus and S. hercynicus usually had densely hairy involucral bracts, whereas S. ucranicus involucral bracts had sparse hairs of different types, with glandular ones predominating. Senecio ovatus involucral bracts were usually glabrous or at least very sparsely hairy. The other examined qualitative features varied in their usefulness for diagnosis. The indumentum of the stem base was considered diagnostic by some authors (Kucowa 1976; Grulich 2004 ) but did not prove diagnostic in this work. Senecio germanicus often has a densely hairy stem but it is not a constant feature and other species sometimes have a sparsely hairy stem base (Fig. 3) . Claret stem color is characteristic mainly for S. ovatus but sometimes the stem is brown or green. Several specimens of other species I examined also had purplish stems. Senecio hercynicus more frequently showed indumentum on the leaf edges and leaf surface than the other species.
The herbarium revision revealed that the distribution ranges of S. ovatus, S. hercynicus and S. germanicus partly overlap, and that S. ucranicus overlaps only S. germanicus. Figure 6 gives a distribution map of the investigated taxa, prepared on the basis of this revision. Senecio ucranicus occurs primarily in the Eastern Carpathians. In Poland it occurs in the Bieszczady Zachodnie Mts and Góry Sanocko-Turczańskie Mts but was also recorded in the Pogórze Dynowskie foothills, which are part of the Western Carpathians (Fig. 6) . Its northernmost localities are in the Volhynian and Podolian uplands (Ukraine). Its range extends south through the Eastern Beskids, Gorgany Mts, Chornohora Mts, Chivchin Mts and Munții Maramureșului Mts. It was also recorded in the eastern part of the Southern Carpathians in Romania, consistent with reports from Hodálová (1999a) . Senecio hercynicus occurs only in the Western Carpathians and Sudetes, and is most numerous in the Tatra Mts. Its easternmost localities are in the Beskid Sądecki Mts in Poland, consistent with Hodálo-vá's (1999b) statement that the ranges of these two glandulous species do not overlap. Greuter (2003) treats S. ucranicus as a subspecies of S. hercynicus but there is considerable controversy over the status of this taxon. My study showed that S. ucranicus shares many features with S. ovatus (see Table 3 & 4). Hodálová (1999a) considered the plants described originally by Nyárády (1950) as S. fuchsii f. sessilis to be S. ucranicus, which also shows the similarities between S. ovatus and S. ucranicus. The taxonomic status of S. ucranicus should be resolved by molecular studies. Senecio germanicus was recorded from Western Europe (Alps) to the Czech Republic, Poland and Slovakia, and its range reaches east to the eastern part of Ukraine (Fig. 6) . In Central Europe it occurs in the Sudetes and Carpathians but I found it to be much more frequent in the Carpathians. It also has numerous localities in southeastern Poland (Carpathian foothills, Kotlina Sandomierska basin, Wyżyna Lubelska upland) and the western part of Ukraine, the Volhynian and Podolian uplands (Fig. 6) Stems erect, 70-150 cm high, usually purplish, rarely green or brown, glabrous in lower part. Leaves usually petiolate, blades lanceolate, (6.7-)8.6-15.7(-24.2) cm long, (1.0-)1.7-3.7(-7.5) cm wide, with glabrous adaxial surface and usually sparsely hairy and finely serrate edges. Leaf width at base 1-2(-4) mm. Synflorescence with numerous capitula forming corymbs, peduncles glabrous. Involucral bracts (6-)7-9(-10), 4-6(-7) mm long, glabrous or rarely sparse hairy (Fig. 5c ). Supplementary bracts (2-)3-5(-6) mm long, sparsely hairy with short articulate hairs (Fig. 5c ). Ligules 5, yellow, (11-)12-17(-21) mm long. Tubular florets (7-)8-14(-18), (5-)6-8 (-10) mm long. Flowering: end of July and August. Stems erect, 70-150 cm high, usually green, glabrous or sparsely hairy in lower part. Leaves sessile, usually semiamplexicaul, blades ovate, (6.5-)8.2-17.0(-20.5) cm long, (1.8-)2.5-5.5 (-7.4) cm wide, with glabrous/subglabrous adaxial surface and usually sparsely hairy or hairy, serrate or doubly serrate edges. Leaf width at base (2-)4-9(-12) mm. Synflorescence with numerous capitula forming corymbs, peduncles usually hairy. Involucral bracts (7-)8-10(-11), 4-7 mm long, usually densely hairy (Fig. 5a ). Supplementary bracts (4-)5-9(-10) mm long, densely hairy with long articulate hairs consisting of a several cells (Fig. 5a ). Ligules 5, yellow, (9-)10-16(-20) mm long. Tubular florets (9-)10-16(-18), 5-8(-10) mm long. Flowering: August to September. Stems erect, 70-150 cm high, usually green, glabrous or subglabrous in lower part. Leaves sessile, usually semiamplexicaul, blades ovate, (6.1-)9.6-18.1(-20.7) cm long, (2.1-)2.5-5.2 (-6.6) cm wide, with sparsely to densely hairy adaxial surface and usually hairy, serrate or doubly serrate edges, frequently with glandulous hairs. Leaf width at base (2-)4-9(-11) mm. Synflorescence with numerous capitula forming corymbs, peduncles usually glandulous-hairy. Involucral bracts 7-10(-11), (4-)5-7(-9) mm long, usually densely glandulous-hairy (Fig. 5b) . Supplementary bracts (4-)5-9(-12) mm long, densely hairy with glandular hairs (Fig. 5b) . Ligules 5, yellow, (13-)14-21 (-25) mm long. Tubular florets (10-) 12-16(-19), 6-9(-10) mm long. Flowering: June to August. Stems erect, 70-150 cm high, usually green, rarely purplish, glabrous in lower part. Leaves sessile or semiamplexicaul, blades lanceolate, (7.1-)8. 4-20.8(-23.6 ) cm long, 1.2-4.5(-5.8) cm wide, with glabrous adaxial surface and usually sparsely hairy or hairy, serrate or doubly serrate edges. Leaf width at base (1-)2-5(-6) mm. Synflorescence with numerous capitula forming corymbs, peduncles sparsely hairy, often with glandular hairs. Involucral bracts (7-)8-10, 4-6 mm long, sparsely hairy, usually with both glandular and short articulate hairs (Fig. 5d) . Supplementary bracts 2-3(-4) mm long, sparsely hairy, usually with both glandular and short articulate hairs (Fig. 5d) . Ligules 5, yellow, (13-) 14-20(-22 ) mm long. Tubular florets 8-13 (-14) , (6-)7-8(-9) mm long. Flowering: June to August.
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